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To quantify the amount of cracking that occurred as a result of the synthesis pro-
cess, four of the five cut samples were characterized at the Geo Soil Enviro Consortium
for Advanced Radiation Sources (GSECARS, sector 13) at the Advanced Photon Source,
Argonne National Laboratory (APS). High resolution images (Figure 1) were collected
for CT analysis to determine the presence of internal void space, with a voxel size of 6
µm. Internal cracks were observed near the edges of three of the four samples, with the
deepest crack penetrating approximately 2 mm from the edge. The forsterite samples were
oriented in the chamber at the Dynamic Compression Sector (DCS) of APS so that the
cracks observed by CT were not in the path of the x-ray beam.
To quantify the composition and distribution of grain size and orientation, the re-
maining forsterite sample was analyzed by electron backscatter diffraction (EBSD). The
measurements determine that the polycrystalline forsterite is composed of randomly ori-
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ented grains with an approximate mean grain size of 10 µm. A characteristic EBSD grain
map and pole figure is shown in Figure 2. All indexed grains were identified as forsterite
by comparing the observed diffraction pattern to the theoretical pattern for forsterite. By
the same method, we observed no evidence of periclase or bridgmanite in the forsterite
samples. Scaling the volume of the forsterite sample by the approximate grain volume
suggests each forsterite sample is composed of on the order of 108 randomly oriented
grains. Static x-ray diffraction images of the ambient forsterite taken under the quasi-
monochromatic x-ray source further demonstrate that there were no strongly preferred
grain orientations in the samples and no measurable amount of periclase in the starting
material. To quantify the amount of periclase that may be in the ambient forsterite sam-
ple, we take the lowest intensity observed forsterite peak as a bound on the resolution of
the diffraction diagnostic which implies that the sample is composed of no more than 0.05
volume percent periclase.
Lattice parameters were fit to the observed diffraction data using the Hugoniot den-
sity and ambient temperature crystal structure from [Finkelstein et al., 2014] as an initial
guess. The fit was further refined by minimizing the difference between the observed and
theoretical peaks for the forsterite (shot 084) and forsterite III (shot 085) structures. Re-
sults of the refinement are shown in Figures 8 and 9 and tabulated in Table 1.
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Supplemental Figures
Figure 1. Computed tomographic (CT) analysis was conducted to search the forsterite samples for internal
voids/cracks. The CT scan showed that the sample was free from voids and defects larger than 6 µm.
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Figure 2. Electron backscatter diffraction was conducted to determine the average grain size, orientation,
and composition of a characteristic forsterite sample. Top: The measured grain map indicates a characteristic
grain size of ∼10 µm for the forsterite sample. All identified grains were indexed as forsterite; we observed no
evidence of periclase or bridgmanite in the sample. Bottom: The pole figure indicates that the observed grain
orientations are approximately random.
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Figure 3. Photon doppler velocimetry (PDV) transforms of the velocity at the forsterite/LiF interface were
used to determine the shock pressure. The initial velocity plateau corresponds to shock breakout into the LiF
window, while the subsequent velocity plateau corresponds to release to 0 pressure from the LiF free surface.
The dashed lines indicate the timing of the four x-ray pulses. In each experiment we observed one frame
prior to shock breakout into the LiF window and one frame prior to release to 0 pressure. The remaining two
frames occur after release to 0 pressure are not analyzed in this work.
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Figure 4. Plot of the available data for the forsterite Hugoniot in shock velocity versus particle velocity. For
shot 084 (below 50 GPa) we used the linear US − up relation US = 6.43 + 1.06up . For shot 085 (above 50
GPa) we used US = 6.46 + 0.905up to determine the shock state through impedance matching. For reference,
the red arrows indicate the particle velocities observed in this set of experiments.
Figure 5. The experimental signal (red) for forsterite shocked to 44 GPa is compared to the theoretical pat-
tern (black) for a mixture of shocked forsterite and forsterite III. From top to bottom, the patterns correspond
to static diffraction, frame 1 (partially shocked), and frame 2 (partially released). The red, blue, and green
markers indicate diffraction peaks for ambient forsterite, compressed forsterite, and compressed forsterite III,
respectively, with a threshold intensity of 10%. The lattice parameters for forsterite and forsterite III are deter-
mined by a power law fit to the 300 K isothermal diamond anvil cell data [Finkelstein et al., 2014]. Therefore,
the theoretical diffraction assumes that temperature does not distort the ratios of the lattice parameters.
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Figure 6. The experimental signal (red) for forsterite shocked to 73 GPa is compared to the theoretical
pattern (black) for the forsterite III structure. From top to bottom, the patterns correspond to static diffraction,
frame 1 (partially shocked), and frame 2 (partially released). The red and green markers indicate diffraction
peaks for ambient forsterite and compressed forsterite III with a threshold intensity of 10%.
Figure 7. Diffraction from the periclase structure at the Hugoniot pressure and 3000 K are compared to the
diffraction data observed in shot 084 frame 2 (bottom) and shot 085 frame 2 (top). 3000 K was chosen as that
represents a reasonable estimate of the temperature on the forsterite Hugoniot at these pressures based upon
available data [Luo et al., 2004; De Koker and Stixrude, 2009]. The asterisk corresponds to a diffraction peak
that cannot be indexed as diffraction from shock compressed forsterite.
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Figure 8. Lattice parameters were fit to the observed diffraction data (Table 1) using the Hugoniot density
and ambient temperature crystal structure from Finkelstein et al. [2014] as an initial guess. The fit was further
refined by minimizing the difference between the observed and theoretical peaks for the forsterite structure.
The resulting fit to the diffraction data produces a density that agrees within 1% of the Hugoniot bulk density.
Figure 9. Lattice parameters were fit to the observed diffraction data (Table 1) using the Hugoniot density
and ambient temperature crystal structure from Finkelstein et al. [2014] as an initial guess. The fit was further
refined by minimizing the difference between the observed and theoretical peaks for the forsterite III structure.
The resulting fit to the diffraction data produces a density that agrees within 3% of the Hugoniot bulk density.
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Figure 10. The diffraction data for shocked forsterite is dewarped into the polar and azimuthal diffraction
coordinates 2θ − φ. The powder peaks correspond to diffraction from the shocked polycrystalline forsterite.
The masked out regions (black) correspond to single-crystal like diffraction from the LiF window or detec-
tor edges, and do not represent diffraction from the forsterite sample. The top and bottom images show the
diffraction pattern for forsterite shocked to 44(3) GPa and 73(5) GPa respectively.
Figure 11. The expected diffraction peaks for forsterite at the Hugoniot density (black) are compared to
the observed diffraction pattern for forsterite shocked to 73 GPa (red). We rule out forsterite as a candidate
structure because the observed diffraction does not match the expected diffraction.
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Supplemental Tables
Table 1. Refined lattice parameters
Shot Structure a b c V
084 Fo 4.500 9.030 5.610 228.0
085 Fo III 2.631 8.620 8.7203 197.8
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